Obesity can be a factor that affects the course of chronic systemic inflammatory arthritis. The objective of this study was to characterise patients with ankylosing spondylitis (AS) according to an evaluation of their body mass index (BMI BMI £ 24.9,
INTRODUCTION
Ankylosing spondylitis (AS) is a potentially disabling form of systemic chronic inflammatory arthritis with a prevalence from 0.02% in Sub-Saharan Africa to 0.35% in Northern Arctic communities (Stolwijk et al., 2016) . For example, based on the nationwide, population-based study performed in 2009, the prevalence of clinically diagnosed AS in Sweden was 0.18% (Exarchou et al., 2015) . This disease usually affects young male and female patients in their most productive years (Rudwaleit et al., 2009) . The main features of AS are spinal inflammation and structural damage. However, many patients have concomitant extraspinal manifestations classified as peripheral disease, such as arthritis, enthesitis and dactylitis, and/or extraarticular manifestations, such as uveitis, psoriasis and inflammatory bowel disease (IBD). Previous studies dated from 2004 till 2016 reported 18-58% prevalence of arthritis, 34-74% prevalence of enthesitis and 6-8% prevalence of dactylitis (reported at any time during the disease course). The reported prevalence of uveitis occurring at some point in time during the course of AS varied from 22-37%, and the prevalence of IBD was estimated at 4-16% and the prevalence of psoriasis at 4-9% (de Winter et al., 2016) . Therefore, the course of the disease can be very different, including low disease activity without extraspinal manifestations and AS with late life-threatening complications. How can we favourably modify the course of the disease? There are many extraspinal modifiable factors usually analysed in different studies evaluating their influence on the course of chronic inflammatory arthritis, for example, body mass index (BMI), smoking, D vitamin etc.
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adults in 1975 to 641 million in 2014. However, these statistics do not always include the population that is overweight. When the incidence of being overweight was included within obesity statistics, rates of excess weight have been shown to be dramatically greater. Indeed, the WHO reported that, as a group, the obese and overweight adult population is now approaching 40% of the world's population, with rates in the US now at~66% (Maffetone et al., 2017) . The excess of adipose tissue in overweight and obese individuals (routinely expressed by BMI) may have immunodulating properties affecting the course of the disease (Gremese et al., 2014 ). An increase in adipose tissue, which is considered a dynamic endocrine organ, is associated with increased production of several proinflammatory cytokines (Vargas et al., 2016) . To date no longitudinal study or case-control study has investigated the effect of BMI on the risk of AS development. However, analysis of some AS clinical trial data, particularly AS population characteristics, showed that BMI in AS patients is significantly higher in comparison to the healthy population (Zhang and Ding, 2016) .
Taking into account the increasing number of obese patients, worldwide investigation of the consequence of excess fat and of fat mass on the course of AS is relevant. The role of fat tissue has not been widely investigated in AS, although some trial data is available evaluating the influence of BMI to the response to TNFa inhibitors such as infliximab (Ottaviani et al., 2012) and adalimumab (Rosas et al., 2016) . The data from these studies suggest that overweightness and obesity are associated with a lower rate of success in achieving response status in AS patients. These arguments prompted us to conduct a study evaluating the role of BMI in the course of the AS, combined with routinely used measurements.
The objective of this study was to characterise patients with AS according to an evaluation of their BMI, exploring the link between the overweightness and obesity with routinely measured disease-specific variables, including disease activity, spinal mobility, functional capacity, extraspinal manifestations of the disease as fatigue, uveitis and peripheral arthritis present during the course of the disease.
MATERIALS AND METHODS

Patients.
One hundred and seven patients were included in the cross-sectional study fulfilling the modified New York criteria for AS (van der Linden et al., 1984) . The data presented here focus on patients with adult onset predominantly axial disease who were included in the study between October 2011 and February 2016 in the Centre of Rheumatology of Pauls Stradiòð Clinical University Hospital (inpatient and outpatient department). The inclusion criteria were an age > 18 years during the onset of the symptoms and fulfilling the modified New York criteria for AS. The exclusion criteria were other chronic or autoimmune inflammatory arthritis (for example, rheumatoid arthritis), depression or other psychiatric diseases diagnosed and/or treated by psychiatrists, moderate or severe cardiac, pulmonary, renal and/or hepatic insufficiency, acute or chronic infection, CNS disorders recorded in medical reports, drug and/or alcohol abuse. Ethical approval was obtained for this study from the local ethics committee at Pauls Stradiòð Clinical University Hospital. Written informed consent was obtained from all the patients in accordance with the principles of the Declaration of Helsinki.
Patients were classified according to their BMI into three groups: normal weight £ 24.9 kg/m 2 , overweight -25.0-29.9 kg/m 2 , obesity was considered with BMI ³ 30 kg/m 2 (Anonymous, 2016). C-reactive protein (CRP) levels were collected, and elevated CRP was considered if ³ 5 mg/L. Disease activity was measured by the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and by the Ankylosing Spondylitis Disease Activity Score (ASDAS) (using CRP) (Machado et al., 2011) . BASDAI consists of 6 patient-reported outcomes, and has an overall score from 0 to 10; evaluation 4 represents inactive disease. ASDAS was calculated using the specific formula, including evaluation of back pain (the second item of BASDAI), duration of morning stiffness (the sixth item of BASDAI), patient global, peripheral pain/swelling (the third item of BASDAI) and CRP.
The following variables were chosen for overall characteristics: age, duration of the disease, age of AS onset, duration of morning stiffness (the sixth item of BASDAI; in minutes), functional (BASFI; 0-10) (Calin et al., 1995) , metrological (BASMI 3-point answer scale) indices, evaluation of enthesitis (the fourth item of BASDAI; 0-10), and uveitis and peripheral arthritis ever during the course of the disease documented in medical reports. Pain of the spine due to AS in the last week on average was evaluated using a NRS 0-10 (0-10: 0 -none; 10 -very severe) as well as patients' global well-being (0-10: 0 -no effect of the disease; 10 -very severe impact). Fatigue was evaluated using the first item from BASDAI questionnaire: "How would you describe the overall level of fatigue/tiredness you have?" The answer was recorded using a 0-10 numerical rating scale (NRS) (0 -none and 10 -very severe). 
RESULTS
The mean BMI was 25.13 (SD 4.07). In the study population of 106 AS patients, 33% were overweight and 15% were obese (one of the 107 AS patients lacked data for BMI calculation).
Demographic and clinical data of the 107 (85% males) evaluated AS patients as well as data from the subgroups enrolled in the study are summarised in Table 1 .
The mean values of age, disease duration, CRP, ASDAScrp, BASDAI, BASFI, BASMI in group 1 (BMI £ 24.9) were lower than the parameters in the groups of patients who were overweight (group 2) and obese (group 3). The evaluation of fatigue and pain in spine was worse in groups 2 and 3. These differences were statistically significant between the groups. There was no statistically significant difference between the groups on age of AS onset, global well-being, enthesitis evaluation and duration of morning stiffness.
55.1% of all patients had peripheral arthritis throughout the course of the disease. 35.5% of all patients had uveitis reported at any time during the course of the disease. There was no statistically significant difference between the groups in presence of peripheral arthritis (p = 0.769) or uveitis (p = 0.614) during the course of the disease (Table  2) .
DISCUSSION
The study confirmed the significant prevalence of overweightness and obesity in patients with AS. Similar results were obtained, for example, from the Groningen Leewarden Axial SpA cohort analysis -of 461 patients with axial SpA, 37% were overweight and 22% were obese (Maas et al., 2016) .
How can we characterise the AS patient who is overweight or obese? Based on our study, the typical patient is 42 years old and has suffered from disease manifestation for 15 years with high disease activity (supported also by elevated CRP level in blood), a high level of spine pain, significantly expressed functional disability and restrictions on spinal mobility accompanied by a marked expression of fatigue. Furthermore, AS patients with obesity have higher disease activity (ASDAScrp (p = 0.0060), BASDAI (p = 0.0088)), functional (p = 0.0002) and spinal mobility (p = 0.0010) impairment levels, fatigue (p = 0.0007) and pain in spine (p = 0.0119) evaluation scores than AS patients who are overweight.
Are there any differences in comparison with an AS patient with normal BMI? The answer is "yes". Based on the obtained data, in cases with normal BMI, patients had the following profile: 36 years old patients suffering from disease expression for 10 years with lower (on average moderate) disease activity with some functional disability and restrictions on spinal mobility accompanied by a lower evaluation of spine pain and fatigue in comparison with the groups with overweightness and obesity. The differences between the groups in peripheral arthritis (p = 0.769) and uveitis (p = 0.614) during the course of the disease, age of AS onset (p = 0.3269), duration of morning stiffness (p = 0.4528), expression of enthesitis (p = 0.0692) and global wellbeing (p = 0.0561) were not statistically significant.
The data clearly showed that patients who were overweight or obese had higher disease activity (ASDAScrp (p = 0.0060), BASDAI (p = 0.0088)) with more expressed functional and spinal mobility impairment evaluated accordingly as BASFI (p = 0.0002) and BASMI (p = 0.0010). Thus, BMI can be used as an objective indirect evaluation of the severity of systemic inflammation and/or the consequence of it expressed by functional disability and spinal mobility impairment. Reversible spinal inflammation causes irreversible structural damage leading to spinal mobility impairment and functional disability (Sieper et al., 2008) . Interestingly, data obtained from the Korean College of Rheumatology BIOlogics registry revealed that increased BMI is significantly associated with the presence of syndesmophyte, but not with disease activity in axial spondyloarthritis (SpA) (Kim et al., 2017) . Based on data from the SPACE cohort on possible impact of BMI to the ASDAS in axial SpA -ASDAS is not affected by BMI in axial SpA patients. The results from SPACE cohort showed that correlations between BMI and CRP or patient-reported outcomes (included in ASDAS) were generally weak (Vargas et al., 2016) . In contrast, other authors concluded that BMI is associated with the level of disease activity and functional ability (Durcan et al., 2012; Maas et al., 2016) . Additionally, based on data (Durcan et al., 2012 ) from a cohort of 46 AS patients, 67.5% were overweight or obesethey had a greater burden of symptoms, worse perceptions regarding the benefits of exercise, and enhanced awareness of their barriers to exercising, which raised particular concern for the disease as exercise plays a crucial role. Thus, the recommendation for AS patients to decrease the BMI to the appropriate level is relevant for achievement of remission.
One of the most frequently reported symptoms by patients with axial SpA is disease-related fatigue (Dernis-Labous et al., 2003) . It is a significant component of chronic inflammatory disease defined as dysfunctional, long-lasting and persisting condition, despite adequate periods of rest and sleep (Davies et al., 2013) . In our study, fatigue was evaluated by using NRS thus showing the intensity without a description of the duration, time of expression during the day, nor differentiation of physical and psychological input in the evaluation of fatigue. The mean evaluation of fatigue in our patients was high enough, with higher evaluation in the group with obesity (p = 0.0007), thus emphasizing the impact of extraspinal manifestations to the course of the disease. In contrast, not all studies showed a link between fatigue and BMI. For example, in a previous study (Alkan et al., 2015) on the Multidimensional Assessment of Fatigue (MAF) for patients with AS, a correlation with BMI was not observed. There was a statistically significant difference between the groups on back pain evaluation (p = 0.0119) -patients with overweight and obesity had higher scores for back pain level. Thus, an approach to reduce the negative impact of the disease and on the quality of life should be focused on, as well as to reduce the high BMI.
Our data on peripheral arthritis and uveitis is consistent with the published data of meta-analysis on extraspinal manifestations in AS (de Winter et al., 2016) : 18-58% prevalence of arthritis and 22-37% of uveitis (all reported at any time during the disease). To our knowledge this is the first study ever reported that analysed the link between BMI and uveitis or peripheral arthritis in the course of AS. The impact of the presence of uveitis during the course of AS still remains a challenge. There is data showing that a history of iritis is independently associated with a worse radiological outcome in AS (Doran et al., 2003) . Previous results (Heuft-Dorenbosch et al., 2004) showed that AS patients with peripheral arthritis had higher BASDAI than AS patients without extraspinal articular manifestation. This can be explained by two factors: higher evaluation of the BASDAI question on peripheral pain as well as higher values answering other questions regarding fatigue, morning stiffness, spinal pain, and enthesopathy. Thus, peripheral manisfestations contribute to higher disease activity, possibly due to a more extensive inflammation. Interestingly, data from the observation study of the Korean Spondyloarthropathy Registry concluded that the presence of peripheral arthritis delays spinal radiographic progression in AS (Kim et al., 2014) . Thus, the clinical and radiological impact of peripheral arthritis as well as the link between inflammation and structural damage in patients with axial SpA, particularly AS, still remains a challenge. Our study showed no reliable impact of the history of uveitis and peripheral arthritis on BMI expression (accordingly, p = 0.614 and p = 0.769). Therefore, it can be considered that extraspinal manifestations such as uveitis and peripheral arthritis are more connected with other cytokine pathways than overweight/obesity.
CONCLUSION
AS patients who were overweight and obese had a higher level of disease activity, pain level, fatigue score, functional disability and spinal mobility impairment with higher values in the case of obesity. The results of this study suggest that the BMI can be used as one of the indirect objective clinical signs, which shows the expression of systemic inflammation and induced impairment of mobility in the course of the disease independent on the age of AS onset and predict the response to the treatment.
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